Abstract We sought to determine clinical predictors of postpartum depression (PPD), including the role of medication, in a sample of women followed prospectively during and after pregnancy. Women with a history of mood disorder were recruited and evaluated during each trimester and 1 week, 1 month, and 3 months postpartum. DSM-IV criteria for a major depressive episode were assessed by a psychiatric interview at each time point. Sixty-three women with major depression and 30 women with bipolar disorder entered the study and 75.4 % met DSM-IV criteria for a MDE during pregnancy, postpartum, or both. We modeled depression in a given time period (second trimester, third trimester, or 1 month postpartum) as a function of medication use during the preceding period (first, second, or third trimester). The odds of being depressed for those who did not use medication in the previous period was approximately 2.8 times that of those who used medication (OR 2.79, 95 % CI 1.38-5.66, p= 0.0048). Of 38 subjects who were psychiatrically well during the third trimester, 39.5 % (N=15) met the criteria for a MDE by 4 weeks postpartum. In women who developed PPD, there was a high rate of a family history of PPD (53.3 %) compared to women who did not develop PPD (11.8 %, p=0.02). While the use of psychiatric medications during pregnancy reduced the odds of being depressed overall, the use of psychiatric medications during pregnancy may not protect against PPD in women at high risk, particularly those with a family history of PPD.
Introduction
Postpartum depression (PPD) occurs in approximately 10-15 % of women from the general population (Campbell and Cohn 1992; Yonkers et al. 2001; Dietz et al. 2007 ; O'hara 2009) and results in significant morbidity to both mother and child including potentially devastating consequences such as suicide and infanticide (Spinelli 2004) . While the risk for suicide deaths and attempts is lower during and after pregnancy than in the general population of women, suicides account for up to 20 % of all postpartum deaths and represent one of the leading causes of peripartum mortality (Shadigian and Bauer 2005) . PPD interferes with parenting behavior, including less adequate infant safety and healthy child development practices (Akman et al. 2006; Field 2011 ) such as the increased use of harsh discipline (Flynn et al. 2004) . Likely due to changes in parenting behavior, exposure to postpartum depression is also associated with slower language development, more behavioral problems, and lower IQ in the child (Grace et al. 2003; Marcus 2009; Field 2011) . Prevention and treatment of PPD therefore not only improves outcomes for the mother but the child as well.
In the literature, the term "PPD" has been broadly applied to a number of different clinical scenarios including a depressive episode that starts during pregnancy and continues postpartum, a depressive episode that begins in the immediate postpartum period (generally within the first 4 weeks), and a depressive episode that starts after the birth of a child but not necessarily in the immediate postpartum period-including time periods up to a year postpartum. According to the DSM-IV, the "postpartum" specifier for a major depressive episode (MDE) can only be used in the setting of a MDE that clearly began after delivery and began within the first 4 weeks postpartum. In support of this definition, a number of genetic studies (including our own) indicate that episodes that begin within the first 4 weeks postpartum have a genetic basis in both families with major depression (MDD) and BP (Forty et al. 2006; Murphy-Eberenz et al. 2006; Payne et al. 2008; Mahon et al. 2009 ). Further, there is evidence that women with a history of PPD are affectively susceptible to hormonal change: Bloch et al. (2000) demonstrated that 62 % of women with a history of PPD developed mood symptoms in response to a blinded withdrawal of supraphysiological levels of estrogen and progesterone compared to none of controls. Thus, the development of mood symptoms in proximity to the hormonal changes associated with delivery became a DSM-IV requirement for the official definition of PPD. It is likely that women who develop a MDE after delivery in proximity to the hormonal change represent a more genetically homogenous group and the time period of 4 weeks postpartum is the critical time period during which if a woman is sensitive to times of hormonal change she will be at an elevated risk for PPD (Bloch et al. 2000; Forty et al. 2006; Murphy-Eberenz et al. 2006; Payne et al. 2008; Mahon et al. 2009) .
PPD occurs at a much higher rate in women with a prior history of a mood disorder with estimates as high as 30-60 % (Bratfos and Hang 1966; Reich and Winokur 1970; Davidson and Robertson 1985; Kendell et al. 1987; Cox et al. 1993; Wisner et al. 2001 Wisner et al. , 2004 Payne et al. 2007; Viguera et al. 2011) . The risk for PPD is increased in women with a history of MDD (Dean et al. 1989) , Bipolar Disorder (BPAD) (Dean et al. 1989) , or PPD following previous pregnancies (Cox et al. 1993; Wisner et al. 2001 Wisner et al. , 2004 . These findings are corroborated by results from a cross-sectional study conducted in England suggesting a higher relative risk of PPD during subsequent pregnancies in women with a prior episode of PPD (Frank et al. 1987) .
The available literature is conflicting as to whether or not antidepressant use during pregnancy decreases the risk of the development of a MDE either during or after pregnancy in women with mood disorders. Cohen et al. (2004 Cohen et al. ( , 2006 found in an observational study that the discontinuation of medication during pregnancy results in a high relapse rate (up to 70 %) during pregnancy. This study was conducted in a highrisk population. In contrast, in another observational study, Yonkers et al found in a community sample that the risk for onset of a MDE either during or after pregnancy was essentially the same whether or not antidepressants were continued or discontinued (Yonkers et al. 2011) . Recently, Misri et al. (2013) found that women who continued antidepressant medications during pregnancy had significantly lower scores on the Hamilton Depression Scale during and after pregnancy as compared to women who declined medications. Further, scores on the Hamilton decreased over the course of the study in the women taking medication while scores increased in the women who declined. In another small study of 24 depressed women followed from mid-pregnancy to 2 months postpartum, 96 % were prescribed medication at some point during the course of the study and 2/3 showed improvement (Shivakumar et al. 2013) . Notably, 1/3 of the sample continued to have significant depressive symptoms despite antidepressant treatment. Thus, whether or not medication use during pregnancy is warranted to prevent either antenatal or postpartum depression remains an open question.
As noted, a family history of PPD also increases the risk for PPD (Forty et al. 2006; Murphy-Eberenz et al. 2006; Payne et al. 2008) . A limitation of the available genetics literature is the retrospective nature of these studies and little to no data regarding treatment during and after pregnancy. For example, it remains unclear exactly what the risk is for PPD in women who were clinically well during pregnancy and taking psychiatric medications. We therefore decided to follow women with a history of a mood disorder prospectively through pregnancy and the postpartum time period in order to determine the risk for women who were and were not depressed during pregnancy and who were and were not taking medications. We also examined our data for specific clinical risk factors associated with the development of PPD.
Methods

Participants
Pregnant women age 18 and older with a history of a mood disorder (MDD, BPI, BPII, or BPNOS) were recruited. Participants were recruited through the Johns Hopkins Women's Mood Disorders Center, referrals from local psychiatrists and obstetricians, and through local advertisements and flyers. Participants could be in any trimester of pregnancy and were managed by their treating psychiatrist as clinically indicated, including the use of psychiatric medications. Exclusion criteria included current active suicidal ideation, medical instability, or active substance abuse or dependence during the last 90 days although patients with a past history of substance abuse were included. All but two subjects were recruited at Johns Hopkins. Two subjects were recruited and followed at the University of North Carolina through a collaborative project.
Procedures
Approval was obtained from the Johns Hopkins and the UNC Institutional Review Boards and written informed consent was obtained from all participants. Participants were evaluated by the research team during each trimester of pregnancy after study entry and then 1 week, 1 month, and 3 months postpartum. Each participant was interviewed with the Structured Clinical Interview for DSM-IV Axis 1 Disorders (SCID) at study entry. At each visit, the study psychiatrist determined if the participant met DSM-IV criteria for a MDE. Data collection included medication use, mood scales, measures of stress, clinical characteristics, personality traits and sleep quality, as well as blood samples. Previous psychiatric history was noted and subjects were interviewed about a history of premenstrual symptoms (PMS). Subjects were noted to have "Severe PMS" if they reported a significant impact on functioning based on the opinion of the interviewing psychiatrist. Lifetime Course of Illness was determined by the study psychiatrist based on clinical interview and was described as one of the following: remitting, chronic, frequent/brief episodes, or other.
We defined PPD as a MDE (based on DSM-IV criteria) that began within 4 weeks of delivery and did not begin during pregnancy. Thus, women who were depressed during pregnancy and continued to be depressed during the postpartum time period did not meet this definition of PPD. We also chose to examine the samples of women with MDD and BPAD together for two reasons: (1) sample size and (2) the available genetic data to date indicate that PPD as we have defined it demonstrates familiality in both forms of affective illness (Forty et al. 2006; Murphy-Eberenz et al. 2006; Payne et al. 2008) . Further, the previously performed linkage and association study was performed in a mixed sample based on the hypothesis that the trigger for postpartum depressive illness may have a genetic basis for both forms of affective illness (Mahon et al. 2009 ).
Analysis
Clinical characteristics of the entire sample were summarized, calculating rates of diagnoses, course of illness, comorbidities, premenstrual symptoms, hospitalizations, race, marital status, education, and employment. We also calculated the rate of personal and family history of PPD, as well as family history of MDD or BP. Average age, gravidity, and the percentage who smoked during pregnancy were also calculated.
We then calculated the rate of medication use for the sample as a whole at each time point as well as for the following four groups of women: (a) those that were never depressed, (b) those that were depressed during pregnancy only, (c) those that were depressed during pregnancy and continued postpartum, and (d) those depressed postpartum only.
To assess the overall impact of medication use on depression, we modeled depression status (yes=depressed, no=not depressed) as a function of prior medication use (on meds vs. off meds) in the previous period using a generalized linear mixed model, with a binary response, logit link function, and a random intercept for subjects. This model included depression status at the second trimester, third trimester, and at 1 month after birth and medication status at first trimester, second trimester, and third trimester.
In order to examine the clinical characteristics of women who developed PPD (beginning after delivery), we identified 38 participants who were clinically well at the third trimester visit who also had postpartum data at the 1-month time point. We examined the relative proportion of several clinical characteristics in this smaller sample comparing women who developed PPD (N=15) to those that did not (N=23). We also calculated rates of medication use in these two samples. Fisher's exact test was used to compare the two groups on clinical characteristics using a p value of 0.05 as the cutoff for significance. The p values were unadjusted for multiple comparisons.
Results
Ninety-three subjects were recruited: 63 met criteria for MDD, 14 for BPI, 11 for BPII, and 5 for BPNOS (Table 1) . The average age at study entry was 30.5 and most (66 %) were married. Thirty percent were from racial or ethnic minorities. This was a well-educated sample with 55 % obtaining a college or graduate degree. Approximately 50 % were working either part or full time and 50 % were not employed. The average number of previous pregnancies was 2.52 (SD 1.92) and 1/3 of the sample was primiparous. Table 2 describes the clinical characteristics of the total sample. A majority of the sample was described as having a remitting course of illness (57 %) while 25.8 % had a chronic presentation, and 11.8 % had frequent/brief episodes. On average, the participants had less than one lifetime hospitalization (range 0-20). Of the sample, 32.6 % had a prior hospitalization; 27.8 % had at least one family member that had a history of PPD, while 45.1 % described a personal history of PPD. A family history of mood disorder was also common with 40 % of the sample reporting a family history of BP and 75.5 % reporting a family history of MDD. Comorbid conditions were common with 72.8 % of the sample with available data (n=81 completing the entire SCID) meeting the criteria for another psychiatric condition. Anxiety disorders were the most common comorbidity at 53.1 % but lifetime (past) substance abuse or dependence was also common at 41 %. Of those meeting criteria for past substance abuse or dependence, 71 % reported alcohol abuse or dependence.
Psychiatric medication use was widespread in this sample and increased over the course of pregnancy and the postpartum time period. We defined psychiatric medication use as reporting the use of an antidepressant, mood stabilizer, or antipsychotic medication (or more than one). Of the entire sample, 49.4 % were on medication during the first trimester. This increased to 62.7 % during the second trimester, 65.5 % during the third, and 75.7 % within the first month postpartum. Of the sample not taking medications during the first trimester, 31 % went back on medications at some point during pregnancy.
Despite medication use, 75.4 % of the sample met DSM-IV criteria for a major depressive episode either during pregnancy, postpartum, or both.
We had data on 68 subjects both during and after pregnancy. Seventeen participants remained well both during and after pregnancy. Seventeen subjects were depressed during pregnancy but recovered and were well postpartum. Twenty-three subjects were depressed both during pregnancy and postpartum. Eleven subjects were completely well during pregnancy but developed PPD.
We were particularly interested in the sample of women who were clinically well prior to delivery. Of 38 subjects who were well during the third trimester (including 10 who were depressed earlier in pregnancy), 15 or 39.5 % met the criteria for a MDE by 4 weeks postpartum and 23 remained well. Four women who had been depressed early in pregnancy developed PPD. Eighty percent of those that developed PPD had been on psychiatric medications (antidepressant or mood stabilizer) during the third trimester. Seventy-four percent of those that did not develop PPD were on psychiatric medications during the third trimester. Of the 38 subjects well in the third trimester, 13 had BPAD and 4 or 30.8 % of these developed PPD. None of the women with BPAD who developed PPD had BPI. In comparison, 44 % of the 25 women with MDD who were well in third trimester developed PPD. These rates of PPD were not statistically different between subjects with BPAD and MDD (Fisher's exact test, p=0.5).
In Table 3 , we examine the clinical characteristics in women who developed PPD and those that did not in the sample of women who were clinically well during the third trimester. There were no differences in course of illness between those that developed PPD and those that did not. There was also no significant difference between the two groups in the average number of hospitalizations. When looking at a personal history of PPD, 42.9 % of those that developed PPD had a personal (Fig. 1) . A family history of MDD or BP did not differ between the two groups ( Fig. 1) . Other clinical characteristics including a history of abuse, premenstrual symptoms, and a history of an anxiety disorder did not differ between the two groups. A history of substance abuse or dependence was more common in those that developed PPD (Fisher's exact test, p= 0.001). We were interested in whether medication use differed among the different clinical groups. Figure 2 shows the percentage of medication usage in (a) those that were never depressed (green circles), (b) those that were depressed during pregnancy only (red squares), (c) those that were depressed during pregnancy and postpartum (blue triangles), and (d) those depressed postpartum only (purple x's). Those that were never depressed (green circles) had the highest rate of medication use while those that were chronically depressed both during and after pregnancy (blue triangles) had the least. Further, medication use was common in those that were well during pregnancy but depressed postpartum (purple x's).
We also examined whether medication use or lack of medication use was associated with a MDE at the next evaluation period. For example, those not using medication in the second trimester experienced higher rates of depression in the third trimester. Figure 3 shows the percentage of women depressed at each time period (second and third trimester and 1 month postpartum) and whether or not they were taking medication during the previous time period (first, second, or third trimester, respectively). At each time period, more women were depressed who had been off of medications during the previous time period, though this was only significant at the third trimester visit (p=0.0008).
To assess the overall effect of medication usage and to account for within subject correlation due to repeated measures, we included all the aforementioned periods into a single longitudinal model: a generalized linear mixed model with depression status (yes/no) as the outcome and medication usage in the previous time period as the predictor. We found that the lack of medication use in the previous time period was associated with an increased risk of being depressed in the following time period with an odds ratio of 2.79 (95 % CI of 1.38 to 5.66, p value=0.0048). That is, the odds of being depressed for those who were off medication at the preceding time period were 2.8 times that of those who were on medication (mood stabilizer/antipsychotic or antidepressant). 
Discussion
There are a number of observations that can be drawn from our data. First, medication use was common in this high risk population. Despite this, the development of a DSM-IV-defined MDE was also common in this sample with almost 75 % of the sample meeting the criteria for a MDE at some point during or after pregnancy. Thus, despite the high rate of medication use, most of our sample became psychiatrically ill during the perinatal time period. When we examined medication use based on presence of and timing of (during pregnancy and/or postpartum) MDE's, we found that women who were never depressed during or after pregnancy and women who were only depressed postpartum had a higher rate of medication use during pregnancy compared to women who were depressed either during pregnancy or both during and after pregnancy. In addition, our analyses revealed that the odds of depression were higher in women who did not take medication during the preceding time point indicating that medication use decreased the odds of depression perinatally. Thus, medication use during pregnancy appears to be protective for some women during pregnancy. In contrast, women who developed PPD developed it despite a high rate of medication use during the third trimester: 80 % of those that developed PPD were taking psychiatric medications. Perhaps, our most striking finding was that in women who were well during the third trimester prior to delivery who then developed PPD, there was a very high rate of a family history of PPD (53.3 %) compared to women who were well in pregnancy but did not develop PPD (11.8 %). Thus, the use of psychiatric medications during pregnancy may not protect against PPD in women at high risk, particularly those with a family history of PPD. This finding supports the hypothesis that women who develop PPD, as defined as the development of a MDE within 4 weeks of delivery, may represent a more genetically homogenous group with an underlying biological vulnerability to times of hormonal change. A genetic basis for postpartum mood syndromes had been suggested by several studies. Family studies of postpartum psychosis have supported a genetic susceptibility to a postpartum trigger in BPAD, as well as an overlap in genetic factors predisposing to postpartum psychosis and BPAD (Jones et al. 2000 and . Dean et al. found a higher risk of postpartum mood illness in relatives of probands with postpartum psychosis (1989) . A genome-wide linkage study of postpartum psychosis (Jones et al. 2007 ) identified a gene on chromosome 16 (16p13) that had previously been demonstrated to be associated with bipolar disorder. There have been a number of studies specifically examining the genetic basis of PPD. Forty et al. showed that the trait of postpartum depression exhibited familiality in pedigrees with recurrent MDD (2006). We reported familial aggregation of postpartum depressive symptoms developing within 4 weeks of delivery in families with recurrent early onset MDD as well as BPAD (Murphy-Eberenz et al. 2006; Payne et al. 2008) . We went on to perform a genomewide linkage in families with either MDD or BPAD and found that genetic variations on chromosomes 1q21.3-q32.1 and 9p24.3-p22.3 may increase susceptibility to postpartum mood symptoms (Mahon et al. 2009 ). More recently, we have identified two epigenetically modified biomarker loci at the HP1BP3 (chromosome 1) and TTC9B (chromosome 7) genes that predicted PPD in antenatally euthymic women from the same sample described here (Guintivano et al. 2013 Fig. 3 Percentage of women depressed based on whether medication use was reported during the previous visit studies support the supposition of a genetic susceptibility to the hormonal changes associated with pregnancy, delivery, and the postpartum time period in women with mood disorders who develop PPD.
The finding that medication use during pregnancy did not prevent the development of PPD in women who were affectively well during pregnancy is a new one. There have been surprisingly few randomized trials examining the use of medication in the prevention of PPD. All have begun medication use after delivery. Wisner and Wheeler (1994) conducted an open-label study of postpartum monitoring versus postpartum monitoring plus a previously effective antidepressant or nortriptyline in 23 women with a personal history of PPD. In the monitored group, 62.5 % developed PPD versus 6.7 % in the medication treated group over the course of 3 months postpartum. There have been two placebo-controlled trials for the prevention of recurrent PPD using conventional antidepressants: one using nortriptyline postpartum in 26 women (Wisner et al. 2001 ) and the other using sertraline postpartum in 14 women all with personal histories of PPD (Wisner et al. 2004) . Interestingly, nortriptyline failed to decrease the rate of PPD unlike Sertraline, although the nortriptyline study may have been underpowered (Wisner et al. 2001) . Further, though nortriptyline levels were therapeutic, three of the six women who developed PPD in the nortriptyline group did so in the first 2 weeks postpartum while dose titration was taking place indicating that a less than therapeutic blood level may have contributed to the ineffectiveness of nortriptyline in preventing PPD (Wisner et al. 2001 ). The only other trial examining the pharmacological prevention of PPD was a non-blinded study using high-dose estrogen postpartum (begun at 10 mg daily tapered over 28 days to 0.625 mg daily) following delivery in four women with a history of PPD (Sichel et al. 1995) . The authors report that the intervention prevented the expected relapse rate of 35-60 %. There have been no studies specifically examining whether the use of medication during pregnancy decreases the risk of PPD nor have the studies available to date taken into account family history of PPD. It remains unclear if additional pharmacological interventions (other than continuing medication taken during pregnancy) postpartum could reduce the risk of PPD in a high-risk population.
The finding that almost 75 % of the sample met DSM-IV criteria for a MDE at some point either during or after pregnancy deserves mention. Previous studies in community samples have found a much lower rate (Yonkers et al. 2011 ). Cohen et al. found a similar rate of depression in a high-risk clinic in women who discontinued their medications for pregnancy (2004 and 2006) . The women in our study all had a prior history of a mood disorder and many continued their medications during pregnancy indicating that severity of illness may have played a role in the observed rate of MDEs. Many women and their psychiatrists are reluctant to increase medication during pregnancy even though drug levels are likely to drop across pregnancy leading to the undertreatment of depression during pregnancy (Sit et al. 2008) . Future work should examine how often medication is increased and whether increasing is effective in the setting of depression during pregnancy. Despite the high rate of MDEs occurring in our sample, our data also suggests that the use of antidepressants decreased the risk of MDEs. As mentioned, evidence available to date has been conflicting: Cohen et al. found that discontinuation of antidepressants led to relapse at a high rate (2004 and 2006) and Yonkers et al. (2011) found that the use of antidepressants did not alter the risk of developing depression either during or after pregnancy. The fact that we found that the use of medication decreased the risk of MDEs may reflect the underlying characteristics of our sample population.
There are a number of limitations to our study. The study was conducted through a high risk clinic at a prominent university hospital. Therefore, women with more severe illness and complicated histories are likely to have participated (as supported by the high rate of psychiatric comorbidities in the population) and thus these observations may not apply to a less ill population. The sample size is small and we examined data from subjects with both MDD and BP. Although it did not appear that there were differences in terms of the rates of PPD between subjects with MDD and BP, the sample sizes were small making it difficult to make a precise estimate of whether they were different. We did not correct for multiple comparisons. We also did not confirm compliance with medications. Strengths include the prospective nature of the design, the rigorous definition of PPD, and the use of a DSM-IV-based psychiatric interview conducted by a trained psychiatrist to diagnose the presence or absence of a MDE. We were also very careful to define the timing of onset off MDEs so that we could easily determine if a woman met criteria for PPD.
In summary, our primary findings included the following: (1) major depressive episodes were common even in women who took psychiatric medication during pregnancy; (2) overall, medication use was associated with a decreased risk of MDEs during pregnancy; (3) in women who were clinically well prior to delivery, we observed a 39.4 % rate of the development of a postpartum depressive episode within the first 4 weeks after delivery; (4) 80 % of the women who developed PPD were taking psychiatric medications indicating that medication use during pregnancy may not prevent the onset of PPD in a high-risk population; (5) a family history of PPD was associated with the development of PPD in women who were clinically well prior to delivery. Future work should further explore the role of family history in the development of PPD and interventions that can be done to decrease the rate of PPD in high risk populations.
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